The present paper deals with the study of mixed convection peristaltic flow of Eyring-Powell Nanofluid with the effect of magnetic field in a non-uniform two dimensional channel. A mathematical modelling is carried out by utilizing long wavelength and low Reynolds number assumptions. Thus peristalsis of Eyring-Powell nanofluid followed through the conservation principles of mass, momentum, energy and concentration has been modelled and Momentum equations involve the combined effects of thermal Grashof number and local nanoparticle Grashof number. The resulting nonlinear system of partial differential equations is solved analytically by employing Homotopy Analysis Method (HAM) and the expressions for velocity, temperature and concentration are determined. The behaviours of Brownian motion parameter (Nb), thermophoresis parameter (Nt) on the non-uniform channel are shown graphically and The effect of various physical parameters on the flow characteristics are shown and discussed with the help of graphs.
Introduction.
Peristalsis is a mechanism of fluid transport when a progressive wave of area contraction or expansion propagates along its length. The peristalsis is derived from Latin word and comes from the Greek peristallein. The mechanism of peristalsis is used for pumping physiological, industrial and other forms of fluids from one place to another. This phenomenon widely occurs in several physiological, industrial and biomedical applications such as swallowing of food through esophagus, the movement of chyme in entire gastro intestinal tract, the transport of spermatozoa in the cervical canal, transport of bile in bile duct, transport of cilia and is widely applicable in industries where direct contact with boundaries are prohibited. Some examples include finger, hose and roller pumps, food and beverage industry, cell separation, mining, pharamaceutical industry also some bio-mechanical instruments are heart-lung machine, blood pump machine and dialysis machine. Some studies in this direction can be consulted in Refs. [13] [25] . Latham [1] was the first initiated the concept of peristaltic mechanism in 1966, a number of analytic, numerical and experimental studies of peristaltic flow of different fluids have been reported under different conditions with reference to physiological and mechanical situations. After the work of Latham [1] , Jaffrin and Shapiro [23] investigated the peristaltic pumping. They made the study under the assumption of long wavelength and low Reynolds number approximation.
This work further extended for Newtonian and non-Newtonian fluids different flow geometries and boundary conditions as elaborated in the References [2] [3] [4] [5] [6] [24] . Mixed convection or combined convection is also one of the transport phenomena, is the composition of both natural convection and forced convection flows. Mixed convection flows are encountered in several industrial applications such as nuclear reactors cooled during emergency shutdown, solar central receiver exposed to the wind currents, electronic devices cooled by fans and heat exchangers placed in low velocity environments. Combination of heat and mass transfer in mixed convection flows have special relevance to engineering related problems that include energy from both metal and polymer sheets. Some recent works in the direction can be seen by the investigation [26] [27] [28] [29] [30] [32] . Nanofluid is a fluid containing nanometer sized particles called nano particles. The nano particles used in nonofluids are typically made of metals, oxides, carbides or carbon nanotubes, nanofibers, droplet, nanosheet etc. peristalsis in connection with nanofluids has application in biomedicines, i.e cancer treatment radio therapy etc. Chio [7] was the first to introduce the word nanofluid that represents the fluid in which nanoscale particles (diameter less than 50nm) are suspended in the base fluid. Recent articles on the nanofluid are cited in Refs [29] [31] . Nanofluid has become now the major attention of various researchers for the new manufacturing of automotive and plant cooling systems and for transfer of heat in different heat exchanger devices. Recently a detailed examination of nanofluid was discussed by Akbar et al. [8] the slip effects on the peristaltic transport of nanofluid in an asymmetric channel. The effects of endoscope on the peristaltic transport of nanofluids have been studied by Akbar and Nadeem [9] . Recently, the influence of wall properties on the peristaltic flow of a nanofluid is discussed by Mustafa et al. [10] . Powell and Eyring proposed a new fluid model in 1944 known as Eyring-Powell fluid model [11] . Viscoelastic fluids in physiology and industry have prominent place. The Eyring-Powell nanofluid is one such model which is advantageous to recover accurate results of viscous nanofluid at low and high shear rates. Possibly the complex mathematical description of this model in flexible curved channel averts study of nanoparticles subject to Eyring-Powell fluid [12] . Further investigation of mixed convection peristaltic flow of Eyring-Powell nanofluid in a channel with compliant walls by Anum Tanveer, Hayat T et al [13] . Nooren S and Qasim [14] studied the peristaltic flow of MHD Eyring-Powell fluid in a channel. The aim of present work is to study the mixed convection peristaltic flow of Eyring-Powell nanofluid under the effect of magnetic field in a non uniform channel with the consideration of boundary conditions. The equations have been constructed by employing the wave frame and then reduced by assumptions of long wavelength and low Reynolds number approximation. The closed form of the velocity, concentration and temperature solutions are obtained analytically with help of the relationship between them. Finally the physical parameters are discussed in detail via graphs.
Mathematical Formulation
Let us consider the peristaltic flow of Eyring-Powell nanofluid through a two dimensional non-uniform channel with the sinusoidal wave propagating towards down its walls. The nanofluid is electrically conducting by an external magnetic field . Here we consider the Cartesian coordinate system ( , XY) such that -axis is considered along the centre line in the direction of wave propagation and -axis is transverse. The geometry of the wall surface can be written as
is the channel half width, is the wavelength, is the time and represents the wave amplitude.
The velocity components and along the and directions, respectively, in the fixed frame, the velocity field is taken as The shear of non-Newtonian fluid is considered to the study of Eyring-Powell fluid model. The stress tensor of Eyring-Powell fluid model is [15] [16] [17] .
Where  is viscosity,  and * c are the material constant of Eyring-Powell fluid. Thus, equations embodying the conservation principles of mass, momentum, energy and nanoparticle mass transfer for the governing flow problem of an Eyring-Powell nanofluid can be written as The continuity equation:
The momentum equation:
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The concentration equation
Where p is the pressure, is the density of the fluid, is the electrical conductivity of the fluid, is the applied magnetic field, is the acceleration due to gravity,  is the volume expansion coefficient, is the temperature of the fluid, is the nanoparticle concentration, is the heat capacity of the fluid, * k is the thermal conductivity, is the effective heat capacity of the nanoparticle material, is the Brownian diffusion coefficient and is Thermophoresis diffusion, 0 T is the fluid mean temperature. The relations between the laboratory and wave frame are introduced through , ( , ) , ( , ) The corresponding boundary conditions for the above problem
Now introducing the following non-dimensional quantities 22 * 2 *2 * * 0
The non-dimensional symbols of the above mentioned quantities: A and B are the non-dimensional Eyring-Powell fluid parameters, Pr is the prandtl number, Gr and Br are the Grashof numbers corresponding to the local temperature and local nanoparticles mass transfer respectively, Nb is the Brownian motion parameter, Nt is the thermophoresis parameter, the Hartmann number M, the temperature distribution  ,  is the mass concentration, p is the dimensionless pressure,  is the stream function, x is the non-dimensional axial coordinate, y is the non-dimensional transvers coordinate, (u,v) is the velocity components, F is the dimensionless average flux in the wave frame,  is the nanofluid kinematic viscosity,  is the amplitude ratio.
The nonlinear terms in the momentum equation are determined to be zero , where is the Reynolds number and is the wave number and using non-dimensional quantities and introducing the velocity fields in terms of stream functions with long wavelength and low Reynolds number approximation, the basic equations (1)- (11) 
Where the dimensionless time mean flow rate is the wave frame is related to the dimensionless time mean flow rate  in the laboratory frame as follows 
Solution of the proble m
The solution of the present problem is obtained by using powerful analytical techniques Homotopy Analysis Method (HAM). In the present case we seek initial guess to be [19] . 
Where 1 2 3 4 5 , , , and C C C C C are arbitrary constants, the zeroth-order deformation equations are From equation (24) - (26) we can easily found the system of equations with their relevant boundary conditions. According to the methodology of homotopy analysis method the solutions are given by
The solutions for stream function, temperature and concentration are evaluated using equations (27) - (29) and it can be written as 
We introduce the stream function then we get the velocity   
Results and Discussion
This section prepared to describe the results of our problem graphically using MATHEMATICA program. It consists of three parts; the first part illustrates the impact of some physical parameters on the velocity distribution. However in the second part the evaluation of temperature distribution with different parameters discussed and the third part illustrates the concentration with different parameters. Figures 1 to 8 , is plotted to see the behaviour of different parameters on the velocity distribution u. Fig.1 shows that the velocity decreases with an increase in the Eyring-Powell fluid parameter A, which appears with the non-linear term of the governing momentum Fig. 2 includes the effect of Eyring-Powell fluid parameter B. velocity appears to increase when B is increased. Fig.3 captures the effects of Hartman number M on the velocity. Here it is observe that velocity is a decreasing function of M. Fig. 4 shows that as Grashof number Gr increases the velocity profile increases. Fig. 5 fig. 6 the effect of Brownian motion parameter Nb on velocity is plotted. The velocity appears to increases when Brownian motion parameter Nb increased. The Fig.7 is the effect thermophoresis parameter Nt. The velocity appears to decreases when thermophoresis parameter Nt increased. Fig .8 the effect of Prandtl number Pr, velocity appears to increases when Prandtl number Pr increased. Figures 9 to 11 , is plotted to see the behaviour of different parameters on the temperature distribution . Fig. 9 shows that the temperature increases with an increase in the Brownian motion parameter Nt. Fig. 10 captures the effect of thermophoresis parameter Nt on the temperature, the temperature decreases when the thermophoresis parameter increases. Fig. 11 includes the effect of Prandtl number Pr on the temperature, the temperature decreases when the Prandtl number Pr increased.
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Figures 12 to 14 describe the variation of the concentration profile for several values of the Prandtl number Pr, thermophoresis parameter Nb and the Brownian motion parameter Nt. Fig .12 , we observe that the concentration profile increases with an increase in Nb. Fig .13 captures the effect of thermophoresis parameter Nt on the concentration profile, the concentration decreases when the thermophoresis parameter increases. Fig .14 includes the effect of prandtl number Pr on the concentration, the concentration increases when the Prandtl number Pr increases. 
